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High-resolution melting analysis for rapid screening of BRCA1 and BRCA2 Spanish mutations
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The majority of BRCA1 and BRCA2 mutation detection procedures include screening methods, all of which are time-consuming. High-resolution melting (HRM) is a promising pre-screening method of gene scanning that combines simplicity and rapid identification of genetic variants. We evaluated HRM in the screening of BRCA1/2 Spanish mutations. We studied 40 BRCA1 and 47 BRCA2 DNA samples with different Spanish mutations. We included a group of 20 unknown DNAs from patients with sporadic breast cancer (BC). The assay was performed with the LightCycler Ò 480 Instrument (Roche). The HRM discriminates all the BRCA1/2 Spanish mutations studied from wild-type DNA. Besides, 54 out of 87 mutations were clearly differentiated from each other. In sporadic BC 11 polymorphisms and three unclassified variants were found in both genes. HRM is a valuable method for rapid screening of BRCA1/2 Spanish mutations and is capable of differentiating new genetic variants in PCR products.

Introduction

BRCA1 (OMIM#113705) [1] and BRCA2 (OMIM#600185) [2] are the two major genes responsible for hereditary breast (BC) and/or ovarian cancer (OC). In particular, BRCA1 accounts for 52% of hereditary breast cancer families, especially those with OC, and BRCA2 represents an additional 32%, including male BC [START_REF] Ford | Genetic heterogeneity and penetrance analysis of the BRCA1 and BRCA2 genes in breast cancer families: the breast cancer linkage consortium[END_REF]. Females with BRCA1/2 deleterious mutations have a lifetime risk of 37-85% and 15-41% for BC and OC, respectively [START_REF] Ford | Genetic heterogeneity and penetrance analysis of the BRCA1 and BRCA2 genes in breast cancer families: the breast cancer linkage consortium[END_REF][START_REF] Brose | Cancer risk estimates for BRCA1 mutation carriers identified in a risk evaluation program[END_REF].

In the Spanish population 51 different pathogenic mutations have been identified in BRCA1 and 50 in BRCA2 [START_REF] Bolufer | BRCA1 and BRCA2 mutations in patients with familial breast cancer[END_REF][START_REF] Dı ´ez | Analysis of BRCA1 and BRCA2 genes in spanish breast/ovarian cancer patients: a high proportion of mutations unique to spain and evidence of founder effects[END_REF][START_REF] Martı ´nez-Ferrandis | Mutational analysis of BRCA1 and BRCA2 in Mediterranean Spanish women with early-onset breast cancer: identification of three novel pathogenic mutations. human mutation; mutation in brief #659[END_REF][START_REF] Esteban | BRCA1 and BRCA2 mutations in families studied in the program of genetic counselling in cancer of the Valencian community (Spain)[END_REF].

In our laboratory, the BRCA1 and BRCA2 mutations were detected using the polymerase chain reaction (PCR) by amplifying the exons of both genes and the exon-intron boundaries, using the primer pairs and PCR conditions reported in the Breast Cancer Information Core (BIC) [START_REF]Breast Cancer Information Core[END_REF]. Mutational screening was carried out by the pre-screening of heteroduplex formed in the PCR products by conformation sensitive gel electrophoresis [START_REF] Ganguly | Conformation-sensitive gel electrophoresis for rapid detection of single-base differences in double-stranded PCR products and DNA fragments: evidence for solvent-induced bends in DNA heteroduplexes[END_REF]. However, this method requires post-PCR treatment prior to gel electrophoresis, being time-consuming and expensive.

High resolution melting (HRM) analysis is a new and attractive gene scan tool that quickly performs the PCR and identifies sequence alterations without requiring post-PCR treatment [START_REF] Montgomery | Simultaneous mutation scanningand genotyping by highresolution DNA melting analysis[END_REF][START_REF] Wittwer | High-resolution genotyping by amplicon melting analysis using LCGreen[END_REF]. Several HRM methods for mutation detection of human genetic diseases [START_REF] Kennerson | Mutation scanning the GJB1 gene with high-resolution melting analysis: implications for mutation scanning of genes for Charcot-Marie-Tooth disease[END_REF][START_REF] Laurie | Detection of factor VIII gene mutations by high-resolution melting analysis[END_REF][START_REF] Margraf | Mutation scanning of the RET protooncogene using high resolution melting analysis[END_REF][START_REF] Margraf | RET proto-oncogene genotyping using unlabeled probes, the masking technique, and amplicon high-resolution melting analysis[END_REF][START_REF] Willmore-Payne | Detection of c-kit exons 11-and 17-activating mutations in testicular seminomas by high-resolution melting amplicon analysis[END_REF] and polymorphisms [START_REF] Hill | Detection and identification of cytochrome P-450 2C9 alleles *1, *2, and *3 by high-resolution melting curve analysis of PCR amplicons[END_REF][START_REF] Liew | Genotyping of human platelet antigens 1 to 6 and 15 by highresolution amplicon melting and conventional hybridization probes[END_REF][START_REF] Reed | Sensitivity and specificity of singlenucleotide polymorphism scanning by high-resolution melting analysis[END_REF] have been further reported.

With regard to BRCA1 and BRCA2 mutations the only reports on HRM thus far were that of Dufrense et al [START_REF] Dufrense | BRCA1 and BRCA2 mutation screening using SmartCycler II high-resolution melt curve analysis[END_REF] and Takano et al [START_REF] Takano | Rapid detection of carriers with BRCA1 and BRCA2 mutations using high resolution melting analysis[END_REF] who proved the utility of HRM for the detection of the three common Ashkenazi founder mutations, 187_189delAG and 5382insC in BRCA1 and 6174delT in BRCA2. Therefore, there is a lack of information on the capability of HRM to detect a broad spectrum of BRCA1/2 mutations. This prompted us to investigate the usefulness of HRM for the screening of the BRCA1 and BRCA2 mutations reported hitherto in the Spanish population.

Material and methods

Patients and samples

We included 87 DNA samples containing most of the different mutations hitherto found in the Spanish population [START_REF] Bolufer | BRCA1 and BRCA2 mutations in patients with familial breast cancer[END_REF][START_REF] Dı ´ez | Analysis of BRCA1 and BRCA2 genes in spanish breast/ovarian cancer patients: a high proportion of mutations unique to spain and evidence of founder effects[END_REF][START_REF] Martı ´nez-Ferrandis | Mutational analysis of BRCA1 and BRCA2 in Mediterranean Spanish women with early-onset breast cancer: identification of three novel pathogenic mutations. human mutation; mutation in brief #659[END_REF][START_REF] Esteban | BRCA1 and BRCA2 mutations in families studied in the program of genetic counselling in cancer of the Valencian community (Spain)[END_REF], 40 out of 51 BRCA1 mutations (Table 1) and 47 out of 50 BRCA2 mutations (Table 2), some collected in our laboratory and others kindly provided by colleagues from laboratories involved in the study of BRCA1/2 mutations (see Acknowledgements). To validate the HRM method we included a reference group of 20 unknown DNAs obtained from sporadic BC patients. All these patients were informed of the study aim and written consent was given to the document elaborated by the Ethical Committee of the Hospital in accordance with the Helsinki Declaration (World Medical Association Declaration of Helsinki. Ethical Principles for Medical Research Involving Human Subjects 2004).

Primers

We designed the primer sets on the BRCA1 and BRCA2 DNA sequences (Gene Bank gi: 30039658 and gi: 37675288, respectively) where the Spanish mutations were located using Primer 3, v.0.4.0 software [START_REF] Rozen | Primer3 on the WWW for general users and for biologist programmers[END_REF]. The primer sets selected, 21 for BRCA1 and 25 for BRCA2 (Tables 1 and2), should fulfil the criteria of having an annealing temperature of 568 C and the PCR products should be shorter than 300 bp (median size 191 bp, range: 98-280). The primers synthesized were all of standard molecular biology quality (Tib Molbiol, Berlin, Germany).

High-resolution melting

PCR reactions were performed in triplicate in 10 ll final volume using LightCycler Ò 480 High Resolution Melting Master (Reference 04909631001, Roche Diagnostics) 9 1-contains Taq, nucleotides and the dye ResoLight-and 30 ng DNA. The primers and MgCl 2 were used at 0.2 lM and 2.5 mM, respectively, for all BRCA1 PCRs (Table 1). For BRCA2 PCRs we used three different primers and MgCl 2 concentrations (Table 2) . In each assay we included DNA with known BRCA1/2 Spanish mutations corresponding to the primer set, unknown DNA samples of patients with sporadic BC and wild-type control DNA.

The HRM assays were performed using the LightCycler Ò 480 Instrument (Reference Catalog # 04640268001, Roche Diagnostics; Roche Instrument Center AG, Forrenstrasse, CH-6343 Rotkreuz, Switzerlans) provided with the software LightCycler Ò 480 Gene Scanning Software Version 1.0 (Roche Instrument Center, Forrenstrasse, CH-6343 Rotkreuz, Switzerland).

The PCR program requires SYBR Green I filter (533 nm) and it consists of an initial denaturation-activation step at 95°C for 10 min, followed by a 45-cycle program (denaturation at 95°C for 10 s, annealing at 56°C for 13 s and elongation at 72°C for 14 s with reading of the fluorescence; acquisition mode: single). The melting program includes three steps: denaturalization at 958C for 1 min, renaturation at 40°C for 1 min and then melting, that consists of a continuous fluorescent reading from 60 to 908C at 25 acquisition per °C.

Gene scanning

The melting curve analysis performed by the Gene Scanning Software comprises three steps: normalization of melting curves, equalling to 100% the initial fluorescence and to 0% the fluorescence remnant after DNA dissociation, shifting of the temperature axis of the normalized melting curves to the point where the entire double-stranded DNA is completely denatured, and finally, the difference plot analyzes the differences in melting curve shape by subtracting the curves from wild-type and unknown DNA, therefore the difference plot helps clustering the samples into groups.

In order to evaluate the discriminating power of each mutation in relation to the wild-type control DNA, we established the resolution defined as the difference between the relative fluorescence signals between the maximum of the peaks of the mutation and the wild-type DNA in the difference plot. We, according to Laurie et al. [START_REF] Laurie | Detection of factor VIII gene mutations by high-resolution melting analysis[END_REF], considered that a mutation was clearly differentiated from wild-type DNA when the absolute value of resolution was greater than 5.

The PCR products were tested by agarose gel electrophoresis confirming the presence of a single PCR product with the expected size.

Sequencing

All the known mutations and genetic variants detected have been confirmed by sequencing the PCR products. The PCR products generated after HRM can be sequenced directly. This requires the removal the primer by purifying PCR products as follows: 8 ll of PCR product was incubated with 2.0 ll of ExoSap-IT (GE Healthcare) for 15 min at 37°C followed by 15 min at 80°C for enzyme inactivation. The sequence reaction was performed in 10 ll final volume using 5 ll of the purified PCR product, 3.2 pmol of one of PCR primers and 1 ll of ABI PRISM terminator cycle sequencing kit v1.1 (Applied Biosystems). The sequencing program is a 25-cycle PCR program (denaturation 96°C 10 s; annealing 50°C 5 s and elongation 60°C 4 min). The sequencing reaction products were purified by sodium ethanol-acetate precipitation. The sequence detection was performed in the ABI Prism 3130 Genetic Analyzer (Applied Biosystems, 850 Lincoln Centre Drive, Foster City, California 94404, USA).

Results

The PCR products showed a median melting temperature of 80.7°C (range: 72.3°C to 85.1°C). All PCR products obtained after HRM were electrophoresed in 2% agarose showing the presence of a unique product of the expected size. The shapes of difference plot curves of the triplicates of each DNA sample were very reproducible both in shape and peak height.

The HRM differentiated all the 40 BRCA1 mutations, including the most frequent Spanish mutations for this gene [START_REF] Dı ´ez | Analysis of BRCA1 and BRCA2 genes in spanish breast/ovarian cancer patients: a high proportion of mutations unique to spain and evidence of founder effects[END_REF][START_REF] Filippini | Multiplex SNaPshot for detection of BRCA1/2 common mutations in Spanish and Spanish related breast/ovarian cancer families[END_REF] from the wild-type control DNA on the basis of the shape of difference plot curves (Table 1, Fig. 1 and Supplementary Fig. 4). Thirty-four out of 40 mutations studied (85%) were clearly distinguishable from the wild-type control DNA (resolution [START_REF] Bolufer | BRCA1 and BRCA2 mutations in patients with familial breast cancer[END_REF]. The six remaining mutations: c.1791delA, c. In BRCA2, HRM also allows the differentiation of the 47 Spanish mutations, including the most frequent Spanish mutations [START_REF] Dı ´ez | Analysis of BRCA1 and BRCA2 genes in spanish breast/ovarian cancer patients: a high proportion of mutations unique to spain and evidence of founder effects[END_REF][START_REF] Filippini | Multiplex SNaPshot for detection of BRCA1/2 common mutations in Spanish and Spanish related breast/ovarian cancer families[END_REF] from the wild-type control DNA (Table 2, Fig. 3, Supplementary Fig. 5). Forty one of these (87%) were clearly distinguishable from the wild-type control DNA. However, four of these mutations, c.1538_1541del-AAGA and c.1676_1677delAGinsTTAC of exon 10, and c.8260_8261insGA and c.8267_8268delAC of exon18 (See Supplementary Fig. 5 PCR N8 5 and 21) could not be distinguished between them, due to its similarity in shape and peak height. Besides, 32 out of the 47 BRCA2 mutations studied could be clearly differentiated from each other.

In the study performed in BRCA2 in the 20 sporadic BC patients, we only found four polymorphisms, c.203G [ A of exon 2 in 11 patients, c.1342A [ C and c.1593A [ G of exon 10 in 8 and two patients, respectively, and c.9266C [ T of exo ´n 23 in one patient. We have, also detected two unclassified variants, the c.654-89T [ C of exon 5 and the c.2137 + 12delT in exon 10, in two patients, each one (Fig. 2c,d).

Discussion

Some of the major advantages of HRM are cost-effectiveness, simplicity, absence of post-PCR treatment, and, particularly, the swiftness to identify genetic variants or mutations. The HRM method set up here could differentiate all the 87 BRCA1 and BRCA2 Spanish mutations studied from wild-type DNA, 78 of them (% 90 %) with broad differences and the remaining nine with lower resolution. Besides, 54 mutations present in the same PCR Even though HRM is not specific for the mutations, if known mutations are included in the assay as positive control samples, the software is capable of identifying the samples with the same mutations on the basis of having similar difference plot shapes. With regard to this, we have verified that all the samples classed in the same group showed identical sequence (data not shown). However, in any case, the genetic variant could be easily identified by direct sequencing of the PCR product obtained after HRM. The method is particularly suitable for the detection of heterozygous mutations that form heteroduplexes such are the ones reported in BRCA1 and BRCA2 genes.

Filippi et al [START_REF] Filippini | Multiplex SNaPshot for detection of BRCA1/2 common mutations in Spanish and Spanish related breast/ovarian cancer families[END_REF] recently reported a method that detects 10 common Spanish mutations (5 in BRCA1 and 5 in BRCA2). The method is based on Multiplex SNaPshot and capillary electrophoresis. This technique has the advantage over HRM of being specific, however it is complex, requires post-PCR manipulations, it is time-consuming and it is more expensive than HRM. Furthermore, the method deals with a limited number of Spanish mutations, whereas the HRM here established covers nearly all Spanish mutations. Although we could not confirm in the group of sporadic BC the capability of HRM to detect Spanish mutations, this ability was assured by the inclusion of DNA control samples containing known Spanish mutations corresponding to the PCR product in each assay. Nevertheless, in this group we could confirm the capability of HRM to detect unsuspected genetic variants present in the PCR products that were subsequently confirmed by sequencing (Fig. 2). Regardless of all this, the ability of HRM to detect Spanish mutations in new samples should be confirmed in prospective studies carried out in large series of individuals with strong family histories of BC/OC. In summary we have set up a very fast, simple and nonexpensive HRM that with 46 independent PCR and in only 96 min identifies nearly all the BRCA1 and BRCA2 Spanish mutations hitherto known. Since the method is focused on the regions where the Spanish mutations occurs the lack of mutation in a DNA sample does not rule out the existence of mutations in other regions of the genes. Our results support that HRM is a very fast and reliable method adequate for the screening of the Spanish BRCA1 and BRCA2 mutations which could replace the currently methods applied in the screening of mutations.

Actually, we are applying this method in the family studies of carriers of Spanish mutations. In a near future, 
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  Fig. 1 Difference plots of the most frequent BRCA1 Spanish mutations. Panel (a): Exon 2 Spanish mutations. Panel (b): Exon 5 Spanish mutations. Panel (c): Exon 8 Spanish mutations. Panel (d): Exon 18 Spanish mutations. For PCR conditions see Table 1

  c.3667 A [ G of exon 11 in 3, 10, 10 and 12 patients, respectively and c.4427T [ C (Fig.2a) of exon 13 in 10 patients and we also found the unclassified variant c.5371G [ A in exon 20 in one patient (Fig.2b).

Fig. 2

 2 Fig. 2 Sequence variants detected in BRCA1 (Panels a and b) and BRCA2 (Panels c and d) in sporadic BC. Panel (a): Exon 13 of BRCA1: c.4427T [ C polymorphism and c.4424delCT control mutation. Panel (b): Exon 20 of BRCA1: c.5371G [ A unclassified variant detected and c.5396 + 1G [ A control Spanish mutation. Panel (c):

Fig. 3

 3 Fig. 3 Difference plots of the most frequent BRCA2 Spanish mutations. Panel (a): Exon 11/PCR 9 Spanish mutations. Panel (b): Exon 11/PCR13 Spanish mutations. Panel (c): Exon 11/PCR18

Table 1

 1 High-resolution melting of BRCA1

		Difference plot	(resolution) a	7.31	14.91	17.73	8.43	15.00	9.00	24.37		14.20		7.96	71.30	51.92		22.00	16.45	3.02	-	3.81	6.81	15.81	4.00	-	3.78	5.47		25.00	-	22.43	30.00	19.00	36.00	-
		Primer(lM)/	MgCL 2 (mM)	0.2/2.5		0.2/2.5		0.2/2.5		0.2/2.5		0.2/2.5		0.2/2.5		0.2/2.5		0.2/2.5		0.2/2.5		0.2/2.5			0.2/2.5			0.2/2.5		0.2/2.5		0.2/2.5	0.2/2.5
		Amplicon	size (bp)	140		123		199		230		95		181		188		137		264		249			280			205		184		193	210
		Primers forward/reverse (5 0 ?3 0 )		GACGTTGTCATTAGTTCTTTGG/	GGTCAATTCTGTTCATTTGC	GCCTCATTTATTTTCTTTTTCTCC/	ATGGAGCCACATAACACATTCA	TTCATGGCTATTTGCCTTTTG/	GTGGTTGCTTCCAACCTAGC	GGTGTCAAGTTTCTCTTCAGG/	AATCCAGCAATTATTATTAAATA	AGCTGAGAGGCATCCAGAAA/	GCTGTAATGAGCTGGCATGA	ATAGGCGGACTCCCAGCAC/	TCACTTCTGGAAAACCACTCA	TCAAATGCCAAAGTAGCTGATG/	TTCCGATAGGTTTTCCCAAA	AGAGCGTCCCCTCACAAATA/	CCGTTTGGTTAGTTCCCTGA	GGAACTAACCAAACGGAGCA/	CGCATGAATATGCCTGGTAG	GAAAGCTGAACCTATAAGCAGCA/	GTTTCTGCTGTGCCTGACTG		TTTGTCAATCCTAGCCTTCCA/	GTCCCTTGGGGTTTTCAAAT		CCAGTCATTTGCTCCGTTTT/	CTGACCAACCACAGGAAAGC	TAGGGGTTTTGCAACCTGAG/	GAACAAACCTGAGATGCATGA	TGCATCTCAGGTTTGTTCTGA/	CCCTCTTCGGTAACCCTGA	CGTTGCTACCGAGTGTCTGT/	GAAAGGATCCTGGGTGTTTG
	Spanish mutations	PCR N8 References		1 Dı ´ez O et al. [6]	1 Dı ´ez O et al. [6]	2 Dı ´ez O et al. [6]	2 Dı ´ez O et al. [6]	3 D ı ´ez O et al. [6]	3 D ı ´ez O et al. [6]	4 Dı ´ez O et al. [6]		5 Dı ´ez O et al. [6]		6 Dı ´ez O et al. [6]	6 Dı ´ez O et al. [6]	7 D ı ´ez O et al. [6]		8 Bolufer et al. [5]	8 L.B.M. Valencia	9 C.I.C. Salamanca	n.a. C.I.C. Salamanca	10 Dı ´ez O et al. [6]	10 Esteban et al. [8]	10 Dı ´ez O et al. [6]	11 I.B.G.M. Valladolid	n.a. I.B.G.M. Valladolid	11 I.B.G. M. Valladolid	12 I.B.G.M. Valladolid		13 Esteban et al. [8]	n.a. Dı ´ez O et al. [6]	14 L.B.M. Valencia	15 Bolufer et al. [5]	15 Esteban et al. [8]	15 Dı ´ez O et al. [6]	n.a Dı ´ez O et al. [6]
		Mutations		c.187_188delAG	c.189_192dupTGTC	c.236_237delTG	c.243delA	c.330A [ G	c.331 + 1G [ A	c.589_590delCT		c.910_913delGTTC		c.1135_1136insA	c.1240_1242delCACinsT	c.1452G [ T		c.1623delTTAAA	c.1689delG	c.1791delA	c.1806C [ T	c.2031delG	c.2072del4	c.2080delA	c.2360deC	c.2411_2429dup19	c.2508_2509delGA	c.2802_2805del5		c.3450delCAAG	c.3600_3610del11	c.3700delC	c.3889_3890delAG	c.3904C [ A	c.3958delCTCAinsAGGC	c.4230_4231insATCT
		Exon		2	2	3	3	5	5	8		11		11	11	11		11	11	11	11	11	11	11	11	11	11	11		11	11	11	11	11	11	12
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